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(54) MRI MAGNETIC FIELD GENERATOR 

(57) An object of the present invention is to provide 
an MRI magnetic field generator with which the mag- 
netic field uniformity within the Imaging field of view of 
the air gap can be adjusted easily and safely, without 
having to detach the gradient coils, after the MRI mag- 
netic field generator has been installed with gradient 
coils already mounted on a pair of magnetic pole 
pieces. After the holder disk 1 3 has been placed on and 
fastened to the base disk 11 . the magnetic material pel- 
lets or permanent magnet pellets for adjusting the mag- 
netic field uniformity are inserted into the required pits 
disposed in a specific pattern, and rf needed, spacers 
are placed in the gaps between [the pellets] and the 
cover disk 14 to position everything, after which the 
cover disk 14 is screwed onto hoki everything together. 
TTie resulting shim holder 10 is aligned with and fas- 
tened to the gradient coil 6 or its support member. 



Fig. 2 
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Description 
TECHNICAL FEU) 

[0001] This invention relates to an improvement to a s 
magnetic field generator used, for exannple, in medical- 
use magnetic resonance Imaging devices (hereinafter 
referred to as MRI devices), and more particularly to an 
MR! magnetic field generator with which, when gradient 
coils have been mounted on a pair of magnetic pole 
pieces facing each other so as to form an air gap and 
the magnetic field is altered by the effect of the environ- 
ment where this magnetic field generator has been 
installed, for example, the magnetic field uniformity 
within the imaging field of view in the air gap can be eas- 
ily adjusted without the gradient coils having to be 
detached. 

BACKGROUND ART 

[0002] An MRI device is a device with which all or part 
of a patient's body is inserted into the air gap of a mag- 
netic field generator that forms a powerful magnetic 
field, and a tomographic image is obtained so that the 
tissue thereof can be evaluated. 
[0003] This MRI magnetic field generator has to be 
wide enough for all or part of a patient's body to be 
inserted, and to obtain a sharp tomographic image it is 
usually necessary to form a stable, powerful, uniform 
magnetic field having a precision of 1 x 10'^ or less and 
0.02 to 2.0 T within the imaging field of view in the air 
gap. 

[0004] One known magnetic field generator used in 
MRI devices has a structure in which magnetic pole 
pieces are fixed facing each other at one end of each of 
a pair of permanent nriagnet structures in which an R- 
Fe-B-based magnet is used as the magnetic field gen- 
eration source, the other ends are coupled by a yoke, 
and a static magnetic field is generated within an air gap 
between the magnetic pole pieces (Japanese Patent 
Publication 2-23010). 

[0005] Another known structure has electromagnetic 

coils (including normal conduction coils, superconduc- 
tion coils, and so on) wound around iron cores for the 
magnetic f iekd generation source in place of the above- 
mentioned permanent magnet structures (Japanese 
Laid-Open Patent Application 4-288137). and the same 
magnetic pole pieces as those mentioned above are 
also employed in this structure. 
[0006] As mentioned above, the uniformity of the mag- 
netic f ieM of a magnetic field generator needs to have a 
precision of 1 x 10"^ or less within the specified space, 
but this is greatly affected by the shape of the magnetic 
pole pieces, particularly in the n^gnetic circuit, and is 
also affected by the shape of the yokes, where the 
device is Installed, and other such factors, making it 
inevitable that various adjustments will need to be made 
in order to bring the magnetic field uniformity witiiin the 



imaging field of view to the specified value. Therefore, a 
structure had to provide a magnetic fieM of extremely 
high uniformity and allow the magnetic field intensity 
within the required air gap to be locally increased or 
decreased by the required amount without tiie magnetic 
pole pieces being re-machined. 
[0007] In view of this, tiie applicant, assuming the 
imaging space to be a sphere, proposed tiiat the mag- 
netic field intensity witiiin the air gap could be locally 
increased or decreased by tiie required amount and tiie 
magnetic field uniformity thereby increased without the 
magnetic pole pieces having to be re-machined if mag- 
netic material pellets[1] and/or permanent magnet pel- 
lets were disposed at specific locations on tiie sides of 
tiie magnetic pole pieces facing tiie air gap according to 
the magnetic field intensity at various circunrferences 
measured by traversing this spherical space in a plural- 
ity of horizontal planes (Japanese Patent Publication 5- 
87962). 

[0008] To obtain position data within the air gap with 
an MRI device, gradient coils (GO) consisting of a set of 
tiiree coils corresponding to the X, Y, and Z directions 
are usually disposed in the vicinity of tiie magnetic pole 
pieces, and a gradient fiekj can be generated in tiie 
desired direction within the air gap by applying a pulse 
current to tiiese gradient coils. In otiier words, position 
data is given to the nuclear magnetic resonance signal 
by adding a gradient field to the uniform magnetic field 
formed within the air gap, and a large number of pulsed 
gradient fields must be added in order to obtain a single 
image. 

[0009] Meanwhile, when tiie magnetic field is altered 
by tiie effect of the environment where tiiis magnetic 
field generator has been installed, for example, or when 
the MRI device has already been installed at its usage 
site, once the gradient coils have been installed on the 
magnetic pole pieces, adjusting ttie magnetic field uni- 
formity by placing and moving the magnetic material 
pellets and/or permanent magnet pellets as discussed 
above is difficult and complicated work, and ttiis work 
cannot be completed in a short time. 
[0010] Japanese Laid-Open Patent Application 1- 
164356 proposes a method for arranging field adjusting 
permanent magnet pellets for the purpose of adjusting 
the magnetic field uniformity, wherein a plurality of field 
adjusting permanent magnet pellets are fixed by screws 
to a support plate via pedestal, and tiiis support plate is 
kx)lted to an annular protrusion on tiie magnetic pole 
pieces with tiie permanent magnet pellets on tiie mag- 
netic pole piece side, or [the permanent magnet pellets] 
are disposed witii respect to tiie air gap from the outer 
peripheral side of tiie pair of magnetic pole pieces. The 
problem with this structure is that removing tiie shims 
takes a very long time because the permanent magnet 
pellets are fixed by screws to the support plate via a 
pedestal. 

[0011] Specifically magnetic material pellets or per- 
manent magnet pellets tiiat are used for adjusting tiie 
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magnetic field uniformity are not all of tfie same size and 
shape. First, a selection is made between a magnetic 
material and a permanent magnet according to the 
amount of adjustment or the position of the space for 
adjustment, and then the shape and size thereof are 5 
suitably selected, so a pedestal must be fabricated 
according to the size and shape of the magnetic mate- 
rial for [the magnetic material] to be fixed by screws to 
the support plate via the pedestal, and a pedestal of the 
required shape must be fabricated according to the size 
and shape of the permanent magnet pellets so that the 
magnetization thereof will face in the proper direction, 
so removal of the shims entails a tremendous amount of 
work including pedestal fabrication. 

DISCLOSURE OF THE INVENTION 

[001 2] An object of this Invention Is to provide an MR! 
magnetic field generator with which the magnetic field 
uniformity within the imaging field of view of the air gap 
can be adjusted easily and safely, without having to 
detach the gradient coils, after the MRI magnetic field 
generator has been installed with gradient coils already 
mounted on a pair of magnetic pole pieces. 
[0013] As a result of various investigations aimed at 
finding a structure of a magnetic field generator with 
which the magnetic field uniformity within the Imaging 
field of view of the air gap could be adjusted easily and 
effectively without having to detach the gradient coils, 
the inventors perfected the present invention upon dis- 
covering that by using shim holders comprising a main 
body provided with pits capable of holding magnetic pel- 
lets, and a cover that is detachable toward the air gap 
side, the objective of installing magnetic material pellets 
or permanent magnet pellets of various sizes, shapes, 
and directions of magnetization can be achieved merely 
by putting [these pellets] in the pits of the main body and 
covering them, with spacers interposed if needed. 
[0014] This invention is an MRI magnetic field gener- 
ator having a pair of magnetic pole pieces that face 
each other so as to form an air gap and generating a 
magnetic field in said air gap, this MRI magnetic field 
generator comprising shim holders composed of a non- 
magnetic material and provided to the air gap-facing 
sides of gradient coils installed fadng the magnetic pde 
pieces, sard shim holders each comprising a main body 
provided with pits capable of holding magnetic pellets, 
and a cover that Is detachable toward the air gap side. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 

Figure 1 is a vertical cross section illustrating an 
embodiment of the magnetic pole pieces of the 
magnetic field generator pertaining to this inven- 
tion; 

Figure 2 is an exploded oblique view of the shim 



holder pertaining to this invention; and 

Rgure 3 Is diagrams Illustrating structural examples 
of the magnetic field generator, with A being a front 
view and B a horizontal lateral cross section of A. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[001 6] A structural example of the MRI magnetic field 
generator pertaining to this invention will now be 
described in detail on the basis of the figures. 
[0017] The magnetic pole piece 2 in Figure 1 is tiie 
lower magnetic pole piece out of a pair disposed fedng 
one anotiier above and below. This rests on a magnet 
structure 1 which serves as a magnetic field generation 
source, such as an R-Fe-B-based magnet or an electro- 
magnetic coil. The magnetic pole piece 2 has an annu- 
lar protrusion 4 made of pure iron disposed around the 
outer periphery of a base 3 composed of iron or soft 
iron. The middle portion is conposed of iron, soft iron, a 
laminated silicon steel sheet, or soft ferrite. Aflat convex 
protrusion 5 is also provided. 
[0018] In Figure 1 , 6 Is a gradient coll. which is pro- 
vided at the required position within the magnetic pole 
piece 2 on a support member (not shown). A shim 
holder 10 is provided to tiiis gradient coil 6 or its support 
member so as to be fastened thereto. The shim holder 
10 consists of a three-layer, non-magnetic, thin disk, as 
shown in Figure 2, and has a layered structure compris- 
ing a base disk 11 , a holder disk 13 in which have been 
made holes 12 that serve as pits for accommodating tiie 
nragnetic pellets, and a cover disk 14. The holes 12 that 
hold the magnetic pellets are made in the hokJer disk 13 
in a circle or in concentric circles so that the magnetic 
pellets wilt be arranged according to various positions 
on several circumferences for each of a plurality of 
sliced horizontal planes of a spherical space Imagined 
in the center of the air gap. 

[001 9] The shim holder 1 0 is structured such tiiat tiie 
various disks are suitably disposed and screwed in 
place. After the holder disk 13 has been placed on and 
fastened to the base disk 1 1 . the magnetic material pel- 
lets or permanent magnet pellets for adjusting the mag- 
netic field uniformity are inserted into the required pits 
disposed in a specific pattern, and if needed, spacers 
are placed in tiie gaps between [the pellets] and tiie 
cover disk 14 to position everytiiing, after which the 
cover disk 14 is saewed onto hold everytiiing togetiier. 
The resulting shim holder 10 is aligned with and fas- 
tened to the gradient coil 6 or its support member. 
[0020] With this invention, a vinyl chloride resin, glass 
fiber reinforced plastic, or another such non-magnetic 
rnaterial can be used for tiie shim holder 10, and in addi- 
tion to the thee-layer structure of Figure 2, the shim 
holder 10 may have a two-layer structure comprising a 
main body provided with pits, and a cover. 
[0021 ] Also, witii this Invention, tiie magnetic field gen- 
erator Is not limited to the above embodiment, and as 
long as it Is structured such tiiat the pair of magnetic 
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poles which face each other to form an air gap are mag- 
neticaily coupled by a yoke and a magnetic field Is gen- 
erated in this air gap. any kind of structure can be 
employed. Furthermore, the size and shape of the 
yokes used to form a magnetic path nr^y be suitably 
selected as dictated by the required size of the air gap. 
the magnetic f iekJ intensity, the magnetic field uniform- 
ity, and various other variables. 
[0022] For instance, as shown In Figures 3A and 3B, 
a structure can be employed in which magnetic pole 
pieces 2 are fastened facing each other at one end of 
each of a pair of permanent magnet structures 1 in 
which an R-Fe-B4}ased magnet is used as the mag- 
netic field generation source, yokes 7 fastened to the 
other ends are coupled by aflat connecting yoke 8, and 
a static magnetic field is generated within the air gap 9 
between the magnetic pole pieces 2. 
[0023] Witii tiie structure In Figures 3A and SB, the 
yokes 7 are connected at one end by a single connect- 
ing yoke 8. and since the air gap 9 between the mag- 
netic pole pieces 2 is open on three sides (closed only 
on the connecting yoke 8 side), the device has a more 
open feel, without confining tiie patient. 
[0024] In addition to tiie single-plate structure illus- 
trated in Figures 3A and 38, tiie connecting yoke in this 
magnetic field generator can also have any of a variety 
of other configurations, such as a structure comprising 
two plates or columns, a structure comprising four col- 
umns, or a structure in which the magnet structures or 
magnetic material pellets are disposed on upper and 
lower opposing surfeces inside a cylindrical yoke. 
[0025] Namal conduction magnets, superconduction 
magnets, permanent magnets, and the like can be used 
as tiie magnet structures tiiat serve as the magnetic 
field generation source, and when permanent magnets 
are employed, ferrite magnets, rare earth cobalt-based 
magnets, or ottier such known magnetic materials can 
be used. In particular, the device can be made much 
more compact by using light rare earths, which are a 
plentiful resource, witii R primarily being Nd or Pr. and 
using an Fe-B-R-based permanent magnet tiiat exhibits 
an extremely high energy product of over 30 MQOe as 
the main component. Also, by arranging a combination 
of these known permanent magnets, a magnetic field 
generator tiiat is less expensive can be provided without 
greatiy hindering efforts to make the device more com- 
pact 

EMBODIMENT 

[0026] A shim holder with the three-layer structure 
shown In Figure 2 was fabricated using a vinyl chloride 
resin for the material, whereupon the product was easy 
to handle and lightweight, weighing only about 1 1 kg at 
a diameter of about 900 mm and a thickness of about 1 5 
mm. and could be detached with tiie gradient coil still 
mounted. The use of this shim holder allowed magnetic 
field adjustment to be performed using the linear pro- 



gramming method at the site where the MRI magnetic 
field generator was actually used, the magnetic field 
adjustment did not require much tabor, and the adjust- 
ment could be completed in a shorter time than any 
5 otiier conventional metiiod. 

INDUSTRIAL APPLICABILITY 

[0027] With the shim hoWer pertaining to tiie present 
10 invention, after an MRI magnetic field generator has 
been installed with gradient coils already mounted on a 
pair of magnetic material pellets, magnetic field adjust- 
ment can be canied out using a metiiod such as linear 
programming at tiie site where the MRI magnetic field 
75 generator is actually used, witiiout having to detach the 
gradient coils, and furthermore it is possible to adjust 
the magnetic f iekl uniformity within tiie imaging fieki of 
view of tiie air gap easily and safely. 

20 Claims 

1. An MRI magnetic field generator having a pair of 
magnetic pole pieces tiiat face each other so as to 
form an air gap and generating a magnetic field in 

25 said air gap, said MRI magnetic field generator 
comprising shim holders composed of a non-mag- 
netic material and provided to the air gap-facing 
sides of gradient coils installed facing tiie magnetic 
pole pieces, said shim holders each comprising a 

30 main body provided with pits capable of hokling 
magnetic pellets, and a cover tiiat Is detachable 
toward the air gap side. 

2. The MRI magnetic field generator according to 
35 claim 1. wherein tiie shim holders each have a 

tiiree-layer tiiin plate stxicture comprising a base 
disK a holder disk in which holes have been made 
to accommodate the magnetic pellets, and a cover 
disk. 

40 

3. The MRI magnetic field generator according to 
daim 1 or 2, wherein said shim holders are com- 
posed of vinyl chloride or glass fiber reinforced 
plastic. 

45 

4. The MRI magnetic fiekJ generator according to 
daim 1 or 2, wherein the shim hofoers are directly 
fastened to the gradient coils. 

50 5. The MRI magnetic field generator according to 
daim 1 or 2, wherein the shim hoMers are fastened 
to the gradient coils via a support member. 

6. The MRI magnetic field generator according to 
55 daim 1 or 2, wherein the plurality of pits of ttie shim 
holders are arranged in a drcle or in concentric clr- 
des. 
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7. The MRI magnetic field generator according to 
claim 1 or 2, wherein the magnetic pellets inserted 
into the plurality of pits are a single magnetic mate- 
rial pellet and/or a plurality of magnetic material pel- 
lets. 5 

8. The MRI magnetic field generator according to 
claim 1 or 2, wherein the magnetic pellets inserted 

into the plurality of pits are a single permanent 
magnet pellet and/or a plurality of permanent mag- io 
net pellets. 

9. The MRI magnetic field generator according to any 
of daims 1 to 8, wherein the pair of magnetic pole 
pieces are fastened to upper and lower yokes, and is 
the upper and lower yokes are magnetically cou- 
pled by a single connecting yoke. - 

10. The MRI magnetic field generator according to any 

of claims 1 to 8, wherein the pair of magnetic pole 20 
pieces are fastened to upper and lower yokes, and 
the upper and lower yokes are magnetically cou- 
pled by a plurality of connecting yokes. 

1 1 . The MRI magnetic field generator according to any 2S 
of daims 1 to 8. wherein the pair of magnetic pde 
pieces are disposed feeing each other within a 
tutxilar yoke and are magnetically coupled by said 
yoke. 
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